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describe the synthesis and properties of a remarkable quantum magnet in which the ballet of spins persists down to a temperature of 0.05 kelvin. Such behaviour might be associated with exotic magnetic excitations that are of great fundamental interest and are sought for quantum-computing technologies.
Quantum magnets are often found in electrically insulating crystals. In such materials, unpaired electrons are arranged on a periodic lattice, which allows the spins of the electrons to interact with those of their neighbours. At low temperatures, these spins usually organize into symmetrical and regular patterns.
In rare cases, however, quantum fluctuations prevent the spins from becoming ordered. Instead, the spins enter a quantum superposition -a concerted and perpetual dance in which the spins are entangled, meaning that they are inseparable and share a common quantum state. Many flavours of such states, called quantum spin liquids, have been predicted 2 . At first sight, these states resemble paramagnetic materials, in which spins are disordered in the absence of an external magnetic field. However, whereas spins behave as independent entities in paramagnets, those in quantum spin liquids are entangled with one another, even if separated by long distances.
Experimental physicists have long pondered how to obtain and detect quantum spin liquids in real materials 3 . Much has been learnt from the study of one-dimensional quantum magnets -in particular, from chains of spins that exhibit antiferromagnetism 4 , whereby each spin is aligned in the opposite direction to that of its neighbours. For instance, a by-product of long-range entanglement is the presence of magnetic excitations that have fractional quantum numbers (fractions of quantities such as electric charge and spin). These excitations have been shown to leave distinct fingerprints in measure ments of a material's thermo dynamic and magnetic properties. Furthermore, the presence or absence of an excitation gap (a lack of excitations that have particular energies) often reveals whether the underlying entanglement is short-or long-range, respectively.
However, in spite of these breakthroughs, finding two-and three-dimensional quantum spin liquids has been a daunting task 5 . One approach has been to use geometric frustration 3 , in which there is an incompatibility between the spatial arrangement of spins and their interactions. This causes many spin configurations to have the same energy, which jump-starts entanglement. Kitagawa and colleagues used a different materials-science strategy, and focused on a quantum spin liquid that was proposed by the theoretical physicist Alexei Kitaev 6 in 2006. In Kitaev's model, spins on a honeycomb lattice are forced to interact in seemingly unnatural ways. The resulting quantum spin liquid has two types of exotic magnetic excitation: Majorana fermions, which have fractional quantum numbers, lack an excitation gap and can propagate on the lattice; and other excitations that have a small excitation gap and remain localized.
In a seminal paper 7 , it was demonstrated that the ingredients of Kitaev's model might exist in real materials, accompanied by more-conventional spin interactions called Heisenberg interactions. It was later suggested 8 that the model could be realized in materials that have two key properties. The first is a strong coupling between the motion of electrons and their spin -a feature present in the activity during task performance. Consistent with their other results, the group found that, during the delay period, PPC neurons carried more information about the recent past than about the current tone held in working memory. Furthermore, across rats, the percentage of neurons holding such history-related information was tightly correlated with the level of history-induced bias in each animal's performance.
It has long been recognized that even simple perceptual decisions are not isolated, static computations -rather, they are dynamic processes embedded in a stream of past information 6 . Akrami and colleagues have taken a crucial step towards understanding these processes, by identifying a node in the brain network that influences working-memory performance by holding a representation of recent history. That their discovery was made in an animal model offers the exciting possibility that future studies could investigate, at the cellular level, precisely which neurons in the PPC represent recent history, how this representation arises, and where and how it is integrated with sensory information to guide memory-based decision-making.
Statistical regularities not only influence working memory, but can also bias motor outputs and the encoding and decoding of sensory information 7 . It is therefore likely that history-related biases are implemented across many nodes of the decision-making brain network in addition to the PPC, through various mechanisms. Long-term mechanisms, on evolutionary and developmental scales, include the adaptation of neurons in sensory areas to the statistics of the natural environment. For example, the over-representation of vertical and horizontal contours in our visual environments is paralleled by an over-representation in the brain of neurons that respond preferentially to horizontal and vertical orientations 8 , and a biased ability to perceive these orientations 9 . Dynamic, short-term mechanisms occurring on a scale of milliseconds to seconds probably involve activity in long-range feedback or neuromodulatory circuits that adjust sensory areas 10 , the decision-making network 11 and motor areas 12 . Elucidating the interplay between these mechanisms is just one of the remaining challenges in the quest to understand the powerful role of past experience in working memory. ■ 
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CONDENSED-MATTER PHYSICS
The two faces of a magnetic honeycomb 10 (RuCl 3 ) fulfil these requirements. However, all of these compounds become magnetically ordered below a few kelvin, which excludes them as genuine realizations of Kitaev's model.
Using an approach known as soft chemistry, in which materials are modified under mild temperature conditions (here, at 120 °C), Kitagawa et al. replaced inter-layer lithium ions of Li 2 IrO 3 with hydrogen ions, while preserving the overall structure of the magnetic-honeycomb layers. The authors found that the resulting compound, H 3 LiIr 2 O 6 , has low-temperature properties that are spectacularly different from those of Li 2 IrO 3 . In particular, they observed no magnetic ordering in H 3 LiIr 2 O 6 down to a temperature of 0.05 K, and used nuclear magnetic resonance to confirm these findings down to 1 K (see Figure 2 of the paper 1 ). The complex interplay between Kitaev and Heisenberg interactions 11 is probably key to stabilizing this quantum state (Fig. 1) . The authors discovered that the compound's thermodynamic and magnetic properties are highly unusual, and interpreted these measure ments in terms of exotic magnetic excitations that lack an excitation gap and perhaps have fractional quantum numbers.
H 3 LiIr 2 O 6 is a remarkable compound: it is the first iridium-based honeycomb magnet that does not become magnetically ordered at temperatures below a few kelvin. However, its overall behaviour and unusual thermodynamic properties indicate that it is governed by microscopic ingredients that differ substantially from those of Kitaev's model. This 1 report that, unlike other magnetic materials, the compound H 3 LiIr 2 O 6 does not show magnetic ordering at temperatures close to absolute zero (H, hydrogen; Li, lithium; Ir, iridium; O, oxygen). A single unit of a layer of the compound is shown here. Octahedra (purple) formed from iridium and oxygen ions cause the iridium ions to be arranged on a honeycomb lattice. b, The magnetic properties of H 3 LiIr 2 O 6 suggest that at least two types of interaction are at play between the spins (magnetic moments) of neighbouring iridium ions. The first are Heisenberg interactions (black lines), which cause spins to align in the opposite direction to that of their neighbours. The second are Kitaev interactions (coloured lines), which predispose neighbouring spins to co-align in one of three possible orientations, depending on which bond of the lattice is considered. Each line colour corresponds to a different preferred orientation. Because each lattice site participates in three distinct bonds, a given spin receives contradictory requests from its neighbours, which prevents magnetic ordering.
D O U G L A S S . M I C A L I Z Z I & S H YA M A L A M A H E S WA R A N
I n the early-stage breast cancer called ductal carcinoma in situ (DCIS), a cluster of cancer cells arises in the milk duct and remains confined there. The recorded incidence of DCIS has risen since the late 1980s, probably due to an increase in its detection through more widespread breast-cancer screening 1 . Up to 40% of cases of DCIS progress to invasive ductal carcinoma (IDC), in which tumour cells invade other regions of the breast [2] [3] [4] . IDC requires clinical treatment. Moreover, because it is not possible to predict which people with DCIS are at risk of progressing to IDC, the standard treatment for patients who have DCIS is surgery, often followed by radiotherapy 5 . Therefore, understanding how DCIS progresses to IDC might enable the selective treatment of those at high risk of developing IDC. A paper in Cell by Casasent et al. 6 reveals the origin of DCIS and its progression to IDC.
Casasent and colleagues obtained frozen samples of breast-cancer tissue gathered from patients. The authors used single-cell DNA sequencing of cells from DCIS and IDC regions in the same section of tissue to create molecular maps of patients' breast cancers, in an approach they call topographic single-cell sequencing. They stained the samples to identify tumour cells and noted the location of each selected cell in the regions of DCIS and IDC. A
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On the trail of invasive cells in breast cancer
During breast-cancer progression, tumour cells that arise in the milk duct spread elsewhere in the breast. The origin of these invasive tumour cells is now revealed by an analysis of spatially defined single cells.
